Background The elbow is an important but complex structure, with movement in both the sagittal plane in flexion and extension, as well as the rotational plane in forearm supination and pronation. Trauma is a common cause of elbow stiffness, which significantly hampers daily function. There are currently no gold-standard management guidelines for post-traumatic elbow stiffness, and most of the published literature focuses solely on the sagittal plane of motion.
INTRODUCTION
The elbow joint is formed by the bony radiocapitellum and ulnatrochlear articulations, which are bounded by strong lateral ligamentous complexes and by a weaker joint capsule anterior-posteriorly [1] . The radiocapitellar joint, along with the interosseous membrane and proximal and distal radioulnar joints, contributes to forearm rotation [2] . Motion in the elbow joint is essential for positioning of the upper limb in space; an arc of 100 in both the sagittal and rotational range was described as a requirement for normal daily functions [3] .
Trauma is a common cause of elbow stiffness, especially in the younger demographic. An exact pathogenesis is unclear, although cases can be broadly categorized into bone or soft tissue problems. Bony causes such as fracture malunions and interposed fragments can impair movement range. Heterotrophic ossification is another bony cause of stiffness that occurs in osteoinductive environments such as postfractures. Soft tissues such as capsules, ligaments and muscles can also cause elbow stiffness; myofibroblasts, which are influenced by hormonal and mechanical factors, play a key role in the development of soft tissue contractures and subsequent joint stiffness [4] .
Although no gold-standard protocol for the management of post-traumatic elbow stiffness is available, most advocate a 6-month trial of conservative measures, such as physiotherapy, static/dynamic bracing or serial casting, before attempting operative procedures. Operative options are abundant and can be divided into surgical release or arthroplasty. Arthroplasty is seldom used as a first-line management in this young demographic, although available options include interposition, distraction, partial and total elbow arthroplasty [6] . Multiple open release techniques have been described, including the lateral column procedure [7] , as well as medial over the top [8] and anterior approaches [9] . In recent decades, arthroscopic procedures have become more common, although the learning curve is steep and they carry a relatively higher risk of neurovascular complications compared to open approaches [10] . Much of the literature reports good outcomes, with a sustained gain of flexion and extension motion regardless of the management protocol followed. However, most only place emphasis on the sagittal flexion and extension range, with little elaboration on the rotational range [4] . Because the radiocapitellum joint is involved in forearm rotation, the main objective of the present study was to investigate the significance of restoring the often neglected rotational range in the elbow and forearm; in conjunction with the sagittal range.
MATERIALS AND METHODS
This was a retrospective level IV case series of all patients who underwent surgical release for post-traumatic elbow stiffness between January 2009 and December 2012. The release surgery was performed by a single surgeon, although the exact procedure was tailored to each case according to the initial trauma. Most underwent an arthroscopic soft tissue release, which was often performed in conjunction with surgery for implant removal. All cases underwent a standardized physiotherapy regime; with continuous passive mobilization starting from day 1, followed by an aggressive rehabilitation protocol including both passive and active mobilization at our physiotherapy department, three times a week. Outcome measures were documented on three occasions (pre-operative, immediate postoperative and long-term follow-up) by measuring the active range of motion and calculating the upper limb functions scores. Range measurements were obtained with the limb in standardized positions using a handheld goniometer by a single assessor; sagittal motion was measured with the forearm at full supination whenever possible. Measurement of forearm rotation was with the elbow at 70 flexion, which is when the radial-capitulum joint is most congruent; the arm was held against the trunk to eliminate shoulder rotation and the wrist was locked in a neutral position ( Fig. 1 ) and a chopstick was held in each hand to aid visualization. Functional scores were calculated using the Chinese translation of the shortened version of the Disabilities of the Arm, Shoulder and Hand (QuickDASH) upper limb assessment score [11] because it has been shown to be reproducible and effective [12] .
Software used for data analysis comprised Numbers 09 (Apple Inc., Cupertino, CA, USA) and SPSS, version 19 (IBM Corp., Armonk, NY, USA).
RESULTS
There were 14 cases (eight males and six females) in total, with a mean age of 48.5 years (range 19 years to 66 years, with a median of 50 years). All subjects were right-hand dominant; seven had injury to the dominant right upper limb, whereas the remaining seven had involvement of the left side.
Regarding the initial injury, the most common mechanisms were cycling accidents, followed by falls. Most subjects sustained a combination of radius, ulna and humeral fractures. Four cases had associated radial head dislocations and three cases had an open fracture. The initial management depended on the injury pattern; the majority underwent internal fixation and two cases with open wounds were managed with a dynamic joint distractor. The duration from the initial injury to the release surgery ranged from 5 months to 30 months with an average of 11 months. During this period, all patients underwent a period of physiotherapy and rehabilitation until their condition plateaued. Patients who developed post-traumatic elbow stiffness show significant difficulties in performing daily activities with an average pre-operative QuickDASH score of 70.1 (range 47.7 to 84.1).
Of the 14 cases, two cases had significant complications. One of the cases underwent arthroscopic release in conjunction with percutaneous removal of an olecranon plate; however, an undisplaced crack over the proximal ulna was noticed during intraoperative fluoroscopy screening, probably at a weak point in the bone after implant removal. This undisplaced fracture was fixed internally, allowing the patient to proceed uneventfully with the standard post-release mobilization regime. The other case underwent an arthroscopic release with percutaneous removal of radial head screws; he complained of persistent postoperative numbness over the ulna nerve distribution without significant weakness. Subsequent nerve conduction studies performed at 18 months after the symptom onset showed ulnar sensory and motor demyelination and mild sensory axonal degeneration; because the symptoms were tolerable, the patient opted for observation only. Regarding the release procedures, 10 patients underwent arthroscopic release together with a percutaneous incision for implant removal. Three cases underwent arthroscopy first with subsequent open release, whereas one case proceed straight to open release (Fig. 2) . That same case proceeded directly to open release using the lateral approach because the patient required excision of heterotrophic bone over the radial neck in addition to removal of the radial head T-plate and screws. This procedure was considered more straightforward with an open approach, rather than attempting arthroscopy first. Regarding the three cases who underwent both arthroscopy and open release, one case was complicated by an iatrogenic undisplaced olecranon crack during implant removal, which required revision fixation. The second case involved an unsuccessful attempt to percutaneously remove an olecranon plate, and re-exposure of the entire wound was required before the implant was successfully removed. The remaining case failed to achieve a satisfactory range of motion after arthroscopic release; therefore, a formal open release was performed, which succeeded in gaining an acceptable range of option. All cases were found to have marked capsular fibrosis; six cases had mild to moderate synovitis, whereas only one case had significant heterotrophic ossification that required excision. Six cases underwent implant removal; four of these implants were removed via a percutaneous incision.
Motion range of the sagittal and rotational planes was measured at the pre-release, post-release and follow-up consultations. Regression analysis showed that the sagittal range only had a weak relationship with the rotational range with a correlation coefficient r ¼ 0.566 (Fig. 3) .
The sagittal range and rotational range were separately paired with their respective QuickDASH scores during the pre-release and follow-up consultations. Correlation between the sagittal range and the QuickDASH score was strong, with a correlation coefficient of r ¼ 0.716 (Fig. 4) . Regression analysis using data from elbow rotation also showed a linear relationship between the rotational range and the QuickDASH function score, with a correlation coefficient of r ¼ 0.871 (Fig. 5) .
Surgical release provided good results with significant improvements in both the sagittal and rotational ranges after the procedures (Table 1) . Although there was a significant recurrence of stiffness from the immediate post-release measurements to the measurement during the long-term follow-up (Table 2) , there was still a significant overall improvement from the pre-release baseline.
More importantly, this improvement in motion range translated to a significant functional gain (z ¼ À3.296, p ¼ 0.001), with the QuickDASH improving by an average of 52.7 points from the pre-release range of 47.7 to 84.1 to the follow-up of 4.5 to 34.1 (Fig. 6) 
DISCUSSION
The present study showed that post-traumatic elbow stiffness significantly affects both the sagittal plane of motion in flexion and extension, as well as the rotational plane of motion in forearm pronation and supination. Motion in both these planes is integral for positioning the arm in space. Restriction as seen in post-trauma patients of either plane significantly impairs daily functions. Our patients with posttraumatic elbow stiffness were initially moderate-severely disabled, with a mean pre-operative QuickDASH score of 70.1 (range 47.7 to 84.1), where a DASH score of approximately 10.1 is considered as normal [13] .
The data show that sagittal range and rotational range are independent of each other and we consider that they should be managed as two separate entities. However, the majority of the available literature often neglects the importance of rotational motion in the elbow, with many studies solely focusing on the sagittal motion. From our experience, it was observed that patients frequently have a severely limited sagittal range but a relatively preserved rotational range, or vice versa. Regression analysis of our data supported that observation by showing that the correlation between the elbow sagittal and rotation ranges was weak. This leads us to conclude that, although the habit of solely measuring sagittal range is a common phenomena [4] , it is not representative of the overall motion in the elbow. Furthermore, our results also show that both variables, the sagittal and rotational motion plane ranges, significantly influence upper limb function (Figs 4 and 5) . inter-correlation ( Fig. 3) , we suggest that rotational stiffness affects upper limb function regardless of the sagittal range (and the reverse is also true). Thus, we consider that, if a satisfactory regain of function is desired, a thorough surgical release of elbow stiffness must correct the motion in both the sagittal and rotational planes. 
